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fluorescent compounds represented by the general 
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(see fig. II) where R is a group capable of combining 
with proteins, Ar is a conjugated double bond system, and 
n is a whole number. These labeling reagents have 
high fluorescence emisaon inten^es, give high 
synthesis yields, permit both solid-phase measurements 
and liquid-phase measurements in immunoassays, and 
require less measuring steps. 
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ABSTRACT 

Disclosed are labeling reagents containing fluorescent 
compounds represented by the general formula 

R-Ar-C -CHz-C-Cn Fiiiti 
11 II 
O O 



R-Ar-C-CHr-C-CnFzn-C-CHz-C-Ar-R 
II 11 II 11 

0 . o o o 




where R is a group capable of combining with proteins, Ar 
a conjugated double bond system, and n is a whole number. 
These labeling reagents have high fluorescence emission 
intensities, give high S3fnthesis yields, permit both 
solid-phase measurements and liquid-phase measurements in 
immunoassays, and require less measuring steps • 
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SPECIFICATION 
TITLE OF THg INVENTION 

Labeled Reagents for Use in Immunoassays and Fluorescent 

Compounds and Complexes Used Therein 
FIELD OF THE INVENTION AND RFi ATED AR T STATEMENT 

This invention relates to labeled reagents for use in time-resolved 
fluoroimmunoassay and other immunoassay techniques employed in 
the field of clinical examinations, and to fluorescent compounds and 
complexes used therein. The term "fluorescent compound" as used 
herein comprehends any compound that, when it is coordinated to a 
metal ion to form a complex, can produce fluorescence arising from the 
complex. 

Conventional measuring reagents include p -diketone type (i.e., 
2-napthoyltrifluoroacetone) fluorescent reagents for use in the LKB 
system and aromatic amine type labeling reagents (BCPDA type 
labeling reagents). 

The labeling reagent used In the LKB system (I.e., an Eu chelate- 
labeled antibody) cannot produce fluorescence, whether it Is used In the 
free state or in the state combined with a protein such as the antigen. 
In the LKB system, therefore, the concentration of the antigen is 
determined by adding a solution of 2-napththoyltrifluoroacetone, tri-n- 
octylphosphphlne oxide and Triton™ X-100 as an enhancer to liberate 
Eu(lll) in an aqueous solution, and then measuring the fluorescence 
produced by the resulting Eu(lll) chelate 
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micelles . 

However, -the LKB system has the following disadvantages. 
First, it is subject to contamination by surroundings (such 
as serum, reagents and air). Specifically, an excess of the 
5 enhancer needs to be added so as to react satisfactorily with 
Eu(III) liberated in an aqueous solution. Since this excess 
enhancer reacts with europium present in surroundings (such 
as air and serum), the concentration of the antigen may be 
overestimated. Secondly, since the fluorescent compound 

10 cannot produce fluorescence in the state combined with a 

protein such as an antigen or an antibody, the addition of an 
enhancing reagent is required during the course of the 
measuring procedure. Moreover, solid-phase measurements are 
not possible because the fluorescent compound is converted 

15 into a form capable of producing fluorescence only in an 
aqueous solution - 

The fluorescent compounds used in the aforesaid aromatic 
amine type labeling reagents (BCPDA type labeling reagents) 
include 4, 7-bis(chlorosulf ophenyl )-l, lO-phenanthroline-2, 9- 

20 dicarboxylic acid (BCPDA), 

bis(chlorosulfophenyl )phenanthroline-dicarboxylic acid and 
the like. 

However, when an aromatic amine type labeling reagent is 
used, the fluorescence intensity is as low as 1/100 to 1/200 
25 of that obtained with the LKB system using a p-diketone type 
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reagent (i.e., 2-naphthoyltrifluoroacetone) as described above. Low 
fluorescence intensities do not permit liiglily sensitive determination of 
substances to be assayed. That is, high detection limits prevent 
measurements down to a low concentration range. In order to enhance 
5 fluorescence intensity, an improved multilabeled reagent is disclosed in 
Japanese Patent Provisional Publication No. SSSesySO. However, this 
reagent still fails to give a satisfactorily high fluorescence intensity. 

Moreover, newly developed p-diketone type labeling reagents are 
described in Japanese Patent Provisional Publication Nos. 244085/'92 and 

10 1081 eyes. 

However, the fluorescence intensities obtained with these labeling 
reagents are as low as about 1.4 times that obtained with the aromatic amine 
type labeling reagents In which the aforesaid BCPDA is used. Moreover, 
many steps are required for the synthesis thereof and the yield of the desired 

1 5 compound is low. 

Accordingly, it is an object of an aspect of the present invention to 
provide labeling reagents which have high fluorescence intensities, are 
cheaper than aromatic amine type labeling reagents (BCPDA type labeling 
reagents), give high synthesis yields, permit both solid-phase measurements 

20 and liquid-phase measurements, require less measuring steps so as to obtain 
measured results rapidly, and can be synthesized in a stable fomi permitting 
long-term storage, as well as fluorescent compounds and complexes used 
therein, 

25 SUMMARY OF THE INVENTION 

In order to accomplish the above object, the present invention provides 
fluorescent compounds represented by any of the general formulas 

R-Ar-C-CHr-C-Cn F2nM 

n II (1)/ 
o o 

R-Ar-C-CH,-C-CnFtn-C-CHi-C-4r-R 

II .11 II II (2) 

O O 0 0 
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where R is a group capable of combining with proteins, Ar is a conjugated 
double bond system, and n Is a whole number; complexes composed of such 
fluorescent compounds and lanthanold metal ions; and labeling reagents for 
use in immunoassays which contain such fluorescent compounds or such 
complexes. 

The labeling reagents of the present invention can combine 
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directly with proteins to be assayed ( such as antigens and 
antibodies) and can produce fluorescence both in the free 
state and in the state combined with proteins. 

Moreover, the labeling reagents of the present invention 
5 have a structure consisting of a p -dike tone having attached 
thereto one or more electron- donating groups (aromatic ring 
substituent groups) and one or more electron- attracting 
groups (fluorine-substituted alkyl groups). Accordingly, 
they produce an intense fluorescence and have a long 

10 fluorescence lifetime. Their fluorescence emission 

intensities are more than about 10 times higher than those of 
fluorescent reagents used in the LKB system and more than 
about 1,000 times higher than those of aromatic amine type 
labeled reagents.' 

15 Moreover, the labeling reagents of the present invention 

can readily be synthesized in high yield. In particular, the 
pipetting of an enhancing reagent and the third incubation 
step, which are required in the conventional LKB system, are 
unnecessary. In addition, the well drying step required in 

20 measurements with conventional aromatic amine type labeling 
reagents is also unnecessary. 

Moreover, in contrast to the LKB system, the labeling 
reagents of the present invention can produce fluorescence 
without liberating Eu(lII) in an aqueous solution. 

25 Consequently, they are not subject to contamination by 
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surroundings. 

Moreover, they permit the measurement of immune complexes in both 
the solid phase and the liquid phase. 

Furthermore, the labeling reagents of the present invention are stable 
substances which can be stored for a longer period of time, and can be 
synthesized more cheaply than conventional aromatic amine type labeling 
reagents. 

In accordance with one embodiment, the invention provides a 
fluorescent compound of the general formula 

y/ vS— C-CHa-C-CnFxii*i 
II » 




where R is an analyte recognition molecule, and n = 1 - 6. 

In accordance with a further embodiment, the invention provides a 
fluorescent compound of the general formula 




c- 
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II 
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o 




0 
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0 




0 



' CnF zH-f t' 



where n = 1-6. In accordance with another embodiment, the invention 
1 5 provides a complex composed of this fluorescent compound and a lanthanoid 
metal ion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph in which the logarithm of the concentration (M) of a 
20 bovine serum albumin (b)2i solution is plotted as abscissa and the logarithm of 
the fluorescent count as ordinate; 
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FIG. 2 is a graph in which the logarithm of the concentration (M) of a 
bovine serum albumin (6)47 solution or a bovine serum albumin (f)4o solution is 
plotted as abscissa and the logarithm of the fluorescent count as ordinate; 

FIG. 3 Is a graph in which the logarithm of the concentration (M) of a 
5 bovine serum albumin Oas solution is plotted as abscissa and the logarithm of 
the fluorescent count as ordinate; 

FIG. 4 Is a graph of solid-phase measurements in which the logarithm 
of the concentration of AFP is plotted as abscissa and the logarithm of the 
fluorescence counts as ordinate; and 

1 0 FIG. 5 is a graph of measurements after dissolution in which the 

logarithm of the concentration of AFP is plotted as 
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abscissa and the logarithm of the fluorescence counts as 
ordinate . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In the above general formula (1), R is a group capable of 
5 combining with proteins and so on. Specific examples thereof 
include the following groups: 



10 



15 



-N=C = S^ -N=C = 0. -C-OH. -C-X. -C-OR* 

il II II 

O O NH2*-X- 

-NjXs -C-0-C-R\ -SOjCFj^ -NHz. 

o o 

-C-OR\ -SOzXs -SOzE. -SHs -X. -CX3. 
O 



SOz-^^^. -NH-C-R" N lU -NH-CR" -S 

O o* O 
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■NH-C- (CH2)q C-O-N 
II II 

o o 
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where X is selected from halogen atoms, -OSO3CH3, -OSO2F, 
-OSO2CF3, "SO2C4F9 and -OSO2- ^^^CHj, is selected from 
alkyl, alkenyl, aryl and aralkyl groups, is selected from 
alkylene, arylene and aralkylene groups, p is a whole number 
of 0 to 5, and q is a whole number of 2 to 10. 

Among them, the chlorosulfonyl group (-SOjCl) is 
especially preferred because it has high reactivity with the 
amino groups of proteins and the like, and can be introduced 
into fluorescent compounds in a relatively easy way. 

Specific examples of proteins and so on which can combine 
with R in the above general formula (1) include antibodies, 
biotin-labeled. antibodies, antigens, avidin, streptavidin, 
bovine serum albumin, haptens, hormones, polypeptides, 
nucleic acids and polynucleotides. 

In the above general formula (1), Ar is a conjugated 
double bond system. Specific examples thereof include aryl 
groups and the following groups: 
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In the above general formula (1), n is a whole number 
which is usually in the range of 1 to 6. 

The lanthanoid metal ions which can be used in the present 
invention include, for example, ions of europium (Eu), 
samarium (Sm), terbium (Tb) and dysprosium (Dy). 

The fluorescent compounds are synthesized in two steps. 
The first and seconds steps are separately described below. 
First step 

A p-diketone compound is synthesized by the Claisen 
condensation reaction of an acetylated aromatic ring compound 
with an ethyl perf luorocarboxylate or diethyl 
perfluorodicarboxylate. 

Specific examples of the acetylated aromatic ring compound 
include 4 ' -phenylacetophenone, 2-acetyldibenzothiophene 
(synthesized by the reaction of dibenzothiophene with acetyl 
chloride), raethyl-4, 4\ 4"-terphenyl ketone (synthesized by 
the reaction of 4,4\4"-terphenyl with acetyl chloride), 2- 
acetylthiophene, 2-acetylbenzothiophene (synthesized by the 
reaction of benzothiophene with acetyl chloride) and 4,4'- 
diacetyl-o-terphenyl (synthesized by the reaction of o- 
terphenyl with acetyl chloride). 

Specific examples of the ethyl perf luorocarboxylate 
include ethyl trif luoroacetate, ethyl pentaf luoropropionate, 
ethyl heptafluorobutyrate and ethyl per f luoropentanoate . 

Specific examples of the diethyl perf luorodicarboxylate 
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include diethyl difluoromalonate, diethyl 

tetrafluorosuccinate, diethyl hexafluoroglutarate, diethyl 
perf luoroadipate, diethyl decaf luoropimel ate and diethyl 
dodecafluorosuberate . 

A schematic diagram showing the synthesis path of the 
first step is given below. NaOCHg is a catalyst and dry 
ether is a solvent. The resulting product is purified by 
recrystallization. As the solvent for recrystallization, 
there may be used ethanol, 1,4-dioxane or a mixture thereof. 

[NaOCfl,] 

Ar-C-CHa+CnFzn^iCOOBt >- Ka^lAr-C-CH-C-CnFjn*,] - 

II dry EtzO |; " -..I 

0 0 0 

10-159^ HtS04 

Ar-C CH2 C-CnFzn«i 
il II 
0 0 

[NaOCHs] 

2kc C-CBa+BtOOOCnPanOOOBt ► Hailflr-C-CH-C-CbFzn-C CH C Ar] 

II dryEtaO |.'"-.| |/'^| 

0 0 0 0' 0 

10-15% 

•■ Ar C dl? C-Q» Fm-C CHz C Ar 
HzSO* II II H II 

0 0 0 0 



25 



Second step 

The chlorosulfonylation reaction of the synthesized 
p-dlketone compound with chlorosulfuric acid is carried out 
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to introduce the chlorosulfonyl group (ClSOj-) into the 
aromatic ring(s) of the p-diketone molecule. After 
completion of the reaction of chloro sulfuric acid with the 
p-diketone, unreacted chlorosulfuric acid is hydrolyzed in 
cold water. The chlorosulfonylated p-diketone precipitates 
without dissolving in cold water. A schematic diagram 
showing the synthesis path of the second step is given below. 



0-lOt 

Ar-C CHa C-Cn Fzn^.+ClSOjfl ^ ClSOz-Ar-C CH2 C-ChFtn*, 

11 li 4-lOlir II II 

0 0 0 0 



0-ior 

Ar-C CH2 C-Cn Fan C CHj C Ar4ClS03H - 

II II II II 4-lOhr 

0 0 0 0 

15 CISOz-Ar-C CHz C CnFzn C CHz C Ar-SOiCl 

H II II H 
0 0 0 0 

When a fluorescent compound having two chlorosulfonyl 
groups is directly used in the labeling reaction of a 

20 protein, there is a possibility that a polymer- labeled 

protein will be formed. This can be prevented by protecting 
any one of the chlorosulfonyl groups prior to labeling. The 
protection reaction is carried out in DMF or acetonitrile by 
using NHjCH{CH3),, CgHjNHj, C^H^mi^ or the like in the presence 

25 of NCCjHg),. This protection reaction is effective in 
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preventing "the formation of polymer and thereby increasing 
the fluorescence intensity of the complex with Eu. However, 
since it has been reported that fluorescent compounds having 
similar structures exhibit no polymer formation even when 
they do not undergo such a protection reaction, it is not 
necessarily required to subject such fluorescent compounds to 
a protection reaction. 

The fluorescent compounds can be synthesized according to 
the above-described steps. The labeling of proteins is 
carried out by an amide- forming reaction between 
chlorosulfonyl groups and amino groups. This reaction 
proceeds easily in a carbonate buffer solution (pH 9-0-9.5) 
at room temperature. A schematic diagram showing the path 
for the synthesis of labeled proteins is given below. 

Protein-NH^+ClSOj Protein-NH-SOj-R 

Immunoassays using the labeling reagents of the present 
invention include, for example, time-resolved 
fluoroimmunoassay and specific combination assays. Time- 
resolved f luoroimmunoassay is a highly sensitive 
fluoroimmunoassay in which a long-life fluorescent label 
(such as an Eu chelate) is used to measure only the 
fluorescence signal of the label in a time-resolved 
fluorometric manner after the background fluorescence having 
a short lifetime has disappeared. Specific combination 
assays comprehends immunoassays utilizing an antigen -antibody 
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reaction, assays utilizing a receptor -acceptor combination 
reaction, assays utilizing the hybridization of nucleic 
acids, and the like. 
Examples 

Preparation of fluorescent compounds (a) to (d) 

The method for the preparation of fluorescent compounds 
represented by the following chemical formulas (a) to (d) is 
described below. 

O O 




S-^C-CHz-C-CFjCFiCFs WI 
Ii II 

o o 



To 40 g of dry ether were added 2.5 g of NaOCHj, 10 nunol 
of ArCOCHj (selected from 4' -phenylacetophenone, 2- 
acetyldibenzothiophene, methyl-4, 4 ' , 4"-terphenyl ketone and 
25 2-acetylbenzothiophene ) and 10 mmol of CjF^COOCjH^. This 
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mixture was sealed at room -temperature and stirred for 24 
hours- The ether was removed by distillation (or 
evaporation), and the resulting solid was vacuum-dried for 30 
minutes- After the addition of ibO ml of 15% sulfuric acid, 
5 the resulting mixture was fully stirred at room temperature 
for 30 minutes to neutralize the p-diketone sodium salt so 
formed. The resulting precipitate of p-diketone was 
separated by suction filtration, washed thoroughly with 
water, and vacuum-dried for 24 hours. Thereafter, the 

10 p-diketone was recrystallized from ethanol. That is, the 

p-diketone was dissolved in ethanol by heating under reflux, 
the resulting solution was filtered while hot, and the 
filtrate was allowed to stand at -20 "C for 24 hours for the 
purpose of crystallization. The p-diketone crystals so 

15 formed were separated by filtration and vacuum-dried at room 
temperature for 48 hours or more. Thus, the following 
intermediates (a') to (d' ) were obtained- 
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C-CH,-C-CF«CF,CF, (d' ) 
II II 

o o 

The yields of (a'), (b'), (C ) and (d* ) were 76%, 65%, 82% 
and 70%, respectively. The results of elemental analysis of 
(a' ) to (d' ) are shown in TABLE 1 below. 

TABLE 1 





Calcd. (%) 


Found (%) 


C 


H 


C 


H 


a' 


55.11 


2.83 


55.35 


2.56 


b' 


51.19 


2.15 


51.40 


1.95 


c' 


61.54 


3.23 


61.60 


3.11 


d' 


49.43 


2.07 


49.76 


1.91 



25 



Next, 2 mmol of a p-diketone [selected from the aforesaid 
compounds ( a ' ) to ( d * ) ] was slowly added to' 3 ml of stirred 
chlorosulfuric acid at 0*C. After this mixture was stirred 
at 0-10 for 4-10 hours, the reaction mixture was carefully 
and slowly added dropwise to 80 ml of stirred water/ice 
(using external cooling with ice/water) . The resulting 
precipitate was quickly separated by centrif ugation, washed 
with cold water (at about 5*^C), and centrifuged twice- Using 
a small amount of cold water ^ the precipitate was transferred 
to a glass filter and freed of water by suction filtration. 
The chlorosulfonylated p-diketone so formed was vacuum-dried 
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At room temperature for 48 hours or more. The yields of (a), (b), (c) and (d) 
were 85%, 89%, 91% and 84%, respectively. The results of elemental 
analysis thereof are shown in TABLE 2. 



TABLE 2 





Calcd. (%) 


Found (%) 


C 


H 


c 


H 


a 


42.49 


2.38 


42.20 


2.47 


b 


41.51 


1.55 


41.04 


1.48 


c 


50.85 


2.49 


50.40 


2.31 


d 


35.72 


1.28 


35.40 


1.06 



5 

Labeling of a protein with fluorescent compound (b) 

The labeling of bovine serum albumin with the aforesaid fluorescent 
compound (b) is described below. 

First of all, 50 mg of bovine serum albumin (hereinafter abbreviated as 

10 "BSA") was dissolved in 8 ml of a 0.1 mol/L carbonate buffer solution (pH 9.3). 
Then, 2 ml of a DMF solution containing the aforesaid fluorescent compound 
(b) In the same molar amount as the amino groups present in bovine serum 
albumin (59 groups per molecule) was slowly added dropwise to the 
stirred BSA solution at room temperature. After this mixture was stirred at 

1 5 room temperature for an hour, the labeled BSA and the hydrolyzate of 
unreacted fluorescent compound were separated by gel filtration. In this 
separation step using a gel column (Sephadex™ G-50, 1 .0 x 
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29-1 cm), a 0.05 mol/L aqueous solution of anunonium hydrogen 
carbonate (pH 8.0) was used as the developing solvent. The 
flow rate was 1 ml per 90 seconds and the effluent was 
collected as 1 ml fractions. Since a satisfactory separating 
effect would not be achieved by separating 10 ml of the 
solution at a time under these column conditions, 5 ml 
portions of the solution were separated by two columns. 
Fractions containing the labeled BSA were combined and 
dialyzed against water at 4*C overnight to remove inorganic 
salts therefrom. Using the solution before gel filtration, 
its absorbance at 330 nm was measured. Then, the molar 
absorption coefficient at 330 nm of the fluorescent compound 
used was calculated from the molar concentration of the 
fluorescent compound used and the absorbance at 330 nm. The 
molar absorption coefficient so calculated was 1.8 x 10 
mol'^cm'^L, and there was no absorption of bovine serum 
albumin at 330 nm. On the assumption that the molar 
absorption coefficient does not change during the process of 
the labeling reaction^ the label concentration in the labeled 
BSA solution and the combination ratio of BSA to label were 
calculated. The combination ratio of BSA to the fluorescent 
compound in the labeled BSA fraction obtained in the above- 
described manner was about 20. This labeled BSA is referred 
to as "BSA( label 
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Method for the measurement of fluorescence intensities and results 
Fluorometric measurements were made with a Hitachi F-4500 
fluorescence spectrophoteometer (manufactured by Hitachi Ltd.) using a 
1 SOW xenon lamp as the excitation light source. Prior to measurements, the 
5 spectral characteristics of the excitation side spectrometer (200 to 600 nm) 
and the like were corrected by using Rhodamine B as a light quantum meter, 
and the spectral characteristics of the fluorescence side spectrometer (200 to 
600 nm). the spectral characteristics of the detector, and the like were 
conrected by using a diffusion element. Fluorescence lifetimes were 

1 0 measured with an instrument consisting of the combination of an LPX1 00 
Excimer Laser pulsed light source (pulse half-width < 10 ns. 10 Hz; 
manufactured by Lambda Physik) and an HR320 spectrometer (manufactured 
by SPEX). Specifically, changes in fluorescence intensity attending changes 
in delay time were measured and the fluorescence lifetime t was calculated 

1 5 according to the following equation. 

!«/(/) = l«/(0)-T 

Time resolved fluorometric measurements were made with a Cyber Fluor™ 
615 time-resolved fluorophotometer, and samples were excited with a 337,1 
mm nitrogen laser to measure fluorescence intensities at 615 nm. The 
20 measuring conditions included a delay times of 200 \}S and counting times of 
200 to 
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600 ]xs. The measuring wells comprised white opaque 
polystyrene wells (manufactured by Dynatech Laboratories ) - 

Each fluorescent compound was dissolved in an organic 
solvent such as acetone, methanol or ethanol. Then, using 
EUCI3 solution, fluorescent compound-Eu^* standard solutions 
were prepared and their fluorescence intensities were 
measured. The results thus obtained are shown in TABLE 3. 



TABLE 3 



10 


Fluorescen't compound 


\^ (nin) 


(nm) 


Fluorescence 

intensity 
(10^ cm m' ) 




LKB system (conventional 
technique ) 


339 


610 


12.16 




a' 


360 


610 


About 120 




b' 


360 


610 


About 120 


15 


c' 


360 


610 


About 120 




d' 


360 


610 


About 120 



Fluorescence characteristics of a lab eled BSA solution in the 
presence of europium(III) 
20 The addition of an EUCI3 solution to a p-diketone- labeled 

BSA solution yields an intensely fluorescent solution. Using 
a BSA(b)2^-Eu^* solution so prepared, its fluorescence 
spectrum, the influence of pH and buffer solutions on its 
fluorescence intensity, and its fluorescence lifetime were 

25 measured. 

The fluorescence spectrum of the BSA( b )2i-Eu^* solution was 
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10 



15 



20 



25 



as follows. 

In Tris-HCl: 

In topo-SDS-NaHCOj : 



X = 253 nm, 331 nra 

ex •max 

K „ = 612 run 

em. max 

X = 253 nm, 339 nm 

ex. max 

X = 614 nm 

em . csax 



The results of measurement of the influence of pH and 
buffer solutions on the fluorescence intensity of the 
BSA{b)2i-Eu^* solution and of its fluorescence lifetime are 
shown in TABLE 4. 

TABLE 4 



Buffer 
solution 


0.1 molA. 
Tris-Ha 


0.1 molA. 
carbonate 


0.1 mol/L 
phosphate 


1.0 X 10'* molA. 
topo-0.05% SDS- 
0.1 mol/L NaHCOg 


pH 


7.2 


7.8 


8.5 


9.1 


9.9 


9.3 


9.0 


8.4 


Relative 

fluorescence 

intensity 


62 


77 


90 


96 


100 


49 


27 


250 


Ruorescence 
lifetime 




300 a 


IS 










425 /iS 



30 



*X = 337 nm. .7 
Measured solution: BSA(b)2--Eu , [BSAtb)^^ = 1.5 x 10 
mol/L, [Eu^*] = 5.0 X 10' mol/L. 

It can be seen from TABLE 4 that the fluorescent intensity 

depends on the pH of the solution and the composition of the 

buffer solution. An intense fluorescence was produced in a 

Tris-HCl solution. The fluorescence was relatively weaker in 

a carbonate buffer solution and significantly weaker in a 

phosphate buffer solution. Moreover, in a solution of topo 

having high coordination power to Eu^% the fluorescence was 
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much more intense owing to the powerful "synergic effect" of 
topo. At the same time, a slight increase in fluorescence 
lifetime was observed. It was confirmed by experiment that 
the fluorescence of the solution was not affected by the 
oxygen dissolved therein. 

Time-resolved fluorometrv of lab eled BSA solutions 

Using a BSACb)^! solution obtained as above, a 1-0 x 10 * 
mol/L topo-0.05% SDS-0.1 mol/L NaHC03 solution, and a 1.0 x 
10"^ mol/L EUCI3 solution, a BSA(b)2^-Eu^* standard solution 
(4.24 X 10"" mol/L) was prepared. At the same time, a series 
of solutions were prepared by fixing the Eu^* concentration 
at 1.0 X 10'^ mol/L and varying the BSMh)^^ concentration. 
The prepared solutions were allowed to stand at room 
temperature for 2 hours and then subjected to time- resolved 
fluorometry. Measurements were made by pipetting each 
solution (having an identical concentration) into 4 wells 
(300 III per well), and the average of the measured values was 
regarded as the measured value (I). Similarly, the solvent 
was pipetted into 4 wells and the average of the measured 
values was regarded as the background (Iq). The (I-Iq) 
values thus obtained were used as fluorescent counts to 
construct a working curve. The results are shown in FIG. 1. 
From FIG. 1, the detection limit of fluorescent compound (b) 
was determined to be 8.9 x 10"^^ mol/L. 

Using a time-resolved fluorophotometer ( "Cyber Fluor 
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615"), the detection sensitivity of the labeled reagent of 
the present invention (i.e., the labeled BSA-Eu^*) was 
compared with those of conventional techniques (i.e-, the LKB 
system and an aromatic amine type labeled reagent ) . It can 
be seen from TABLE 5 that the fluorescent compound of the 
present invention is 5 times as sensitive as the LKB system 
and about 1,000 times as sensitive as BCPDA (or the aromatic 
amine type labeled reagent ) . 

TABLE 5 





Detection limit of 
fluorescent compound 
* (mol/L) 


LKB system 
BCPDA 


5.0 X 10"^^ 
1.0 X 10"* 


b 


8.9 X 10"" 



15 



20 



Preparation of fluorescent compounds fe) to (i) 

The method for the preparation , of fluorescent compounds 
represented by the following chemical formulas (e) to (i) is 
described below. 



ClSOi--^^--^^^C.CB*-C-CF*CFfCPrfFr-C-CH,-C-^^\-^~VsO«CI (e) 



0 0 

0 0 



0 0 

0 0 



s s 



SOzCl (f) 



C-CH«-C-CFiCF»CFiCP,-C-CH«-C 

H 11 n II 

0 0 0 0 



S0,C1 (e) 
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CISO, •'^S'^C-CHaC-CF,CF.CF,CF,-C-CH,-C '^^^^SOtCI tW 



n » 

0 0 0 0 



5 '^5^S'^C-CH,-C-CFiCF,CF,CF,C-CH*-C'^S^'^ 

11 ii II « 

0 0 0 0 

To 50 g of dry ether were added 3.0 g of NaOCHj, 20 mmol 
of ArCOCHj (selected from 4'-phenylacetophenone, 
2-acetyldibenzothiophene, methyl -4,4' , 4" -terphenyl ketone, 

10 2-acetylthiophene and 2-acetylbenzothiophene) and 10 mmol of 
C,H^OOCC,F.COOC,H. . This mixture was sealed at room 
temperature and stirred for 24 hours. The ether was removed 
by distillation (or evaporation), and the resulting solid was 
vacuum-dried for 30 minutes. After the addition of 100 ml of 

15 15% sulfuric acid, the resulting mixture was fully stirred at 
room temperature for 30 minutes to neutralize the p-diketone 
sodium salt so formed. The resulting precipitate of 
p-diketone was separated by suction filtration, washed 
thoroughly with water, and vacuum-dried for 24 hours. 

20 Thereafter, the p-diketone was recryst alii zed from a 5:1 
mixture of ethanol and 1,4-dioxane (when 

4 ' -phenylacetophenone or methy 1-4, 4 ' ,4" -terphenyl ketone was 
used), 1,4-dioxane (when 2-acetyldibenzothiophene was used) 
or ethanol (when 2-acetylthiophene or 2-acetylbenzothiophene 
25 was used). The p-diketone crystals so formed were separated 
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by filtra-tion and vacuum-dried at room temperature for 48 
hours or more. Thus, the following intermediates (e' ) to 
(i' ) were obtained. 



/">-/>-C-CH2-C-CF2CF*CFaCFz-C-CHx-C-O-0 ^ 

W W „ II !i )! 

0 0 0 0 

0 0 0 0 

C-CHa-C-CFzCPjCFaCFiC-CHi-C^-i^^^-v^ (f ) 





0 0 0 0 

^U^C-CH2C-CP2CF2a?«CF2-C-CH,-C'''-S^ Oi' ) 

II II II 11 

0 0 0 0 

OCs^C'CHz-C-CFzCPaCFjCFjC-CHa - C"'''^S^^ 

« n !1 !l 

0 0 0 0 



0' ) 



The yields of (e'), (f ' ), (g' ), (h' ) and (i') were 65%, 
50%, 71%, 79% and 69%, respectively. The results of 
elemental analysis of {e') to (i') are shown in TABLE 6 
25 below. 
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5 





Calcd. (%) 


Found (%) 


C 


H 


C 


H 


e ' 


63.16 


3.43 


63.70 


3.15 


£• 


57.79 


2.57 


57.62 


2.51 


g' 


69.17 


3.78 


69.45 


3.52 


h' 


42.69 


1.99 


42.56 


2.04 


i' 


51.49 


2.33 


51.78 


2.10 



Next, 2 mmol of a p-diketone [selected from the aforesaid 

10 compounds (e' ) to (i')] was slowly added to 5 ml of stirred 
chlorosulfuric acid at 0"C. After this mixture was stirred 
at 0-10 ''C for 4-10 hours, the reaction mixture was carefully 
and slowly added dropwise to 120 ml of stirred water/ ice 
(using external cooling with ice/water). The resulting 

15 precipitate was quickly separated by centrifugation, washed 

with cold water (at about 5*C), and centrifuged twice. Using 
a small amount of cold water, the precipitate was transferred 
to a glass filter and freed of water by suction filtration. 
However, since the amount of the precipitate of (h) was very 

20 small, this precipitate was treated solely by centrifuging it 
twice and discarding the supernatant. The chlorosulf onylated 
p-diketone so formed was vacuum-dried at room temperature for 
48 hours or more. The yields of (e), (f), (g), (h) and (i) 
were 85%, 86%, 89%, 30% and 80%, respectively. The results 

25 of elemental analysis thereof are shown in TABLE 7 below. 



2187690 



- 26 - 
TABLE 7 





Calcd. (%) 


Found (%) 


C 


H 


C 


H 


e 


46,43 


2,75 


46.29 


2.40 


f 


42.64 


2.31 


42.38 


1.95 


g 


53.55 


3.13 


53.21 


2.91 


h 


28.54 


1.86 


28.14 


1,67 


i 


37.20 


1.92 


36.98 


1.69 



Labeling of a protein with fluorescent compound (e) 

The labeling of bovine serum albumin with the aforesaid 
fluorescent compound (e) is described below. 

1.00 ml of a DMF solution containing 0.128 mol/L of 
NH2CH(CH3)2 and 0.150 mol/L of N(C2H5)3 was added dropwise to a 
stirred solution of 75.3 rag (0.0856 mmol) of the aforesaid 
compound (e) in 1.00 ml of dry DMF. After this DMF solution 
was stirred at room temperature for 20-30 minutes, it was 
slowly added dropwise to a stirred solution of 50 mg of BSA 
in 10 ml of a 0.1 mol/L carbonate buffer solution (pH 9.30). 
After this mixture was stirred at room temperature for an 
hour, the labeled BSA and the hydrolyzate of unreacted 
fluorescent compound were separated by gel filtration. In 
this separation step using a gel column (Sephadex G-50, 1-0 x 
29.1 cm), a 0.05 mol/L aqueous solution of ammonium hydrogen 
carbonate (pH 8.0) was used as the developing solvent. The 
flow rate was 1 ml per 90 seconds and the effluent was 
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collected as 1 ml fractions. Since a satisfactory separating 
effect would not be achieved by separating 10 ml of the 
solution at a time under these column conditions, 3 ml 
portions of the solution were separated. Fractions 
containing the labeled BSA were combined and dialyzed against 
water at 4'*C overnight to remove inorganic salts therefrom, 
using the solution before gel filtration^ its absorbance at 
330 nm was measured. Then, the molar absorption coefficient 
at 330 nm of BSA was calculated from the molar concentration 
of BSA used and the absorbance at 330 nm. The molar 
absorption coefficient so calculated was 3.65 x 10* mol ^cm ^L. 
The labeling ratio of BSA to the fluorescent compound in the 
labeled BSA fraction was about 26. 

BSA{ fluorescent compound)^ solutions having higher 
labeling ratios were obtained by carrying out the above- 
described reaction while increasing the amount of the 
fluorescent compound and the concentration of the DMF 
solution containing NH2CH(CH3)2 and N(C2H5)3. When the amount 
of the fluorescent compound was 263,9 mg and a DMF solution 
containing 0.342 mol/L of ^^^(^3)2 and 0.50 mol/L of 
N(CjH5)3 was used, there was obtained a solution having the 
highest labeling ratio of 47. 

Labeling of avidin and streptoavidin w ith fluorescent 
compound ( e ) 

The labeling of avidin (AD) and streptoavidin (SA) with 
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the aforesaid fluorescent compound (e) is described below, 

250 ]xL of an acetonitrile solution containing 0-072 mol/L 
of NHjCH{CH3), and 0.10 mol/L of N(C2H5)3 was added dropwise to 
a stirred solution of 11.8 mg (0.013 mmol) of the aforesaid 
5 compound (e) in 250 pL of acetonitrile. After this solution 
was stirred at room temperature for 30 minutes, the 
acetonitrile solvent was evaporated in a stream of dry 
nitrogen gas. Thereafter, a solution of 5 mg of avidin (or 
streptoavidin) in 1.1 ml of a 0.1 mol/L carbonate buffer 
10 solution (pH 9.1) and 25 pL of DMF was added thereto. After 
this mixture was stirred at room temperature for two hours, 
the. insoluble matter was separated by centrifugation. The 
precipitate was washed with 2.0 ml of a 0.05 mol/L Tris-HCl 
buffer solution (pH 7.7) and centrifuged. The two 
15 supernatant s were combined and dialyzed twice against 4 L of 
a solution containing 0.1 mol/L of NaHC03 and 0.25 g of NaNj 
at 4*C (for 16 hours and for 6 hours ^ respectively). The 
labeling ratio of protein to the fluorescent compound in the 
labeled protein solution obtained in this manner was about 8. 
20 The above-described procedure is also applicable to the 

labeling of proteins such as antibodies- The labeled avidin 
and the labeled streptoavidin can be directly applied to 
immunoassays based on the avidin-biotin reaction with biotin- 
labeled antibodies, antigens, DNA and the like. 



25 
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Method for the measuremenl: of fluorescence Intensi ties and 
results 

The method for the measurement of fluorescence intensities 
was the same as described above for fluorescent compound (b). 
The results are shown in TABLE 8. 



TABLE 8 



Fluorescent; compound 


(nm) 


(nm) 


Fluorescence 

intensity 
(10^ cm' m' ) 


LKB system (conventional 
technique ) 


339 


610 


12.16 


e' 


360 


610 


About 150 


f 


360 


610 


About 150 


g' 


360 


610 


About 150 


h' 


360 


610 


About 150 


i" 


360 


610 


About 150 



Fluorescence characteristics of a labeled BSA solution in the 
presence of europium ( III ) 

The addition of an EUCI3 solution to a p-diketone-labeled 
BSA solution yields an intensely fluorescent solution. Using 
the aforesaid compound (e) as a fluorescent compound, the 
fluorescence spectrxim of a BSA(e)„-Eu^* solution , the 
influence of pH and buffer solutions on its fluorescence 
intensity, and its fluorescence lifetime were measured. 

The fluorescence spectrum of the BSA(e)„-Eu^* solution was 
as follows. 
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In Tris-HCl: = 336 nm 

X = 511.6 nm (half-width, about 9 nm) 

em. max 

In carbonate buffer solution: 



X, = 330 nm 

ex. max 



X = 611.2 nm (half-width, about 9 nm) 

eta. max 

In topo-SDS-NaHC03*: 



X = 341 nm 

ex. max 



X = 613.6 nm (half -width, about 9 run) 

en. max 

(* A 1.0 X 10"^ mol/L topo-0.05% SDS-0.1 mol/L NaHC03 
10 solution) 

The shape of the fluorescence spectrum remain unchanged 
even if the labeling ratio (n) is varied. 

The results of measurement of the influence of pH and 
buffer solutions on the fluorescence intensity of the 
15 BSA(e)^-Eu^* solution and of its fluorescence lifetime are 

shown in TABLE 9. In TABLE 9, the fluorescence intensities 
of various solutions are expressed as relative values based 
on the fluorescence intensity (or count) of a 0.1 mol/L Tris- 
HCl solution (pH 9.1). These relative fluorescence 
20 intensities remain unchanged even if the labeling ratio (n) 
is varied. 
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TABLE 9 



Buffer 
solution 


0.1 mof/L 
Tris-HQ 


0.1 mo|/L 
cart}onate 


0.1 mol/L 
phosphate 


1.0 X 10"* mol/L 
topo-0.05% SDS- 
0.1 mal/L NaHCOj 


PH 


7Z 


7.8 


8.5 


9.1 


9.9 


9.3 


9.0 


8.4 


Reiativa 

fluorescence 

intensity 


70 


75 


SB 


100 


100 


61 


3 


508 


Ruorescence 
lifetime 


260 ^ 








290 //s 



*?c = 337 nm. 

Measured solution: BSA(e)3o-Eu% [BSA(e)3^] = 1.8 x 10 
mol/L, [Eu^*] = 1.0 X 10' mol/L. 



Next, using the aforesaid compoxind (f) as a fluorescent 
compound, the fluorescence spectrum of a BSA(f )^-Eu^* solution 

the influence of pH and buffer solutions on its 
fluorescence intensity, and its fluorescence lifetime were 
measured . 

The fluorescence spectrum of the BSA(f )„-Eu^* solution was 
as follows. 

In Tris-HCl: X^.^ = 253 nm, 339 nm 

X = 612 nm (half -width, about 9 nm) 

em.nax 

In carbonate buffer solution; 

X = 253 nm, 330 nm 

ex. max ' 

X = 611.6 nm (half-width, about 9 inn) 

In phosphate buffer solution: 

X * 253 nm, 332 nm 

ex. max ' 

X = 611.6 nm (half -width, about 9 nm) 
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In topo-SDS-NaHC03*: 

X = 253 run, 341 nra 

X^^^ = 613-5 nm (half-width, about 9 nm) 
(* A 1.0 X 10'^ mol/L topo-0.05% SDS-0.1 mol/L NaHCO^ 
5 solution) 

The shape of the fluorescence spectrum remain unchanged 
even if the labeling ratio (n) is varied. 

The results of measurement of the influence of pH and 
buffer solutions on the fluorescence intensity of the 
10 BSA(f)^-Eu^* solution and of its fluorescence lifetime are 

shown in TABLE 10. In TABLE 10, the fluorescence intensities 
of various solutions are expressed as relative values based 
on the fluorescence intensity (or count) of a 0.1 raol/L Tris- 
HCl solution (pH 9.1) • These relative fluorescence 
15 intensities remain unchanged even if the labeling ratio (n) 
is varied - 



TABLE 10 



Buffer 
solution 


0-1 moVL 
Tris-HQ 


0.1 mol/L 
carbonate 


0.1 mol/L 
phosphate 


1.0 X 10"* mol/L 
topo-O.OS% SDS- 
0.1 moi/L NaHCOj 


pH 


7.2 


7.8 


8.5 


9.1 


9.9 


9.3 


9.0 


8.4 


Relative 

fluorescence 

Intensity 


54 


72 


92 


100 


89 


76 


37 


621 


Ruorescence 
lifetime 




227 /J 


13 










240 /iS 



Measured solution: BSA(f)^o-Eu , [BSA(f)^o] = 2.2 x 10 
mol/Ii, [Eu^*] = 1.0 X 10' mol/L, 
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It can be seen from the results shown in TABLES 9 and 10 
that the fluorescent intensity depends on the pH of the 
solution and the composition of the buffer solution. An 
intense fluorescence was produced in a Tris-HCl solution. 
The fluorescence was relatively weaker in a carbonate buffer 
solution and significantly weaker in a phosphate buffer 
solution. Moreover, in a solution of topo having high 
coordination power to Eu^*, the fluorescence was much more 
intense owing to the powerful "synergic effect" of topo. At 
the same time, a slight increase in fluorescence lifetime was 
observed. It was confirmed by experiment that the 
fluorescence of the solution was not affected by the oxygen 
dissolved therein - 

Time-resolved fluorometrv of labeled BSA so lutions 

Using a BSACe)^^ or BSA{f)^^ solution obtained as above, a 
1.0 X 10"^ mol/L topo-0.05% SDS-0.1 mol/L NaHCOg solution, and 
a 1.0 X 10'^ mol/L EUCI3 solution, BSA{ fluorescent 
compound )^-Eu^* standard solutions (1.6 x 10"" mol/L for the 
BSA(e)47 solution and 9.3 x 10"^* mol/L for the BSACf)^^ 
solution) were prepared. At the same time, a series of 
solutions were prepared by fixing the Eu^* concentration at 
1.0 X 10'^ mol/L and varying the BSA (fluorescent compound 
concentration. The prepared solutions were allowed to stand 
at room temperature for 2 hours and then subjected to time- 
resolved fluorometry. Measurements were made by pipetting 
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each solution (having an identical concentration) into 4 
wells (300 111 per well), and the average of the measured 
values was regarded as the measured value (1). Similarly, 
the solvent was pipetted into 4 wells and the average of the 
measured values was regarded as the background ( Iq ) . The 
(I-Iq) values thus obtained were used as fluorescent counts 
to construct a working curve. The results are shown in FIG. 
2, From FIG. 2, the detection limits of fluorescent 
compounds (e) and (f ) were determined to be 7.5 x 10 mol/L 
and 3.7 X 10'"^ mol/L. 

Using a time -resolved f luorophotometer ( "Cyber Fluor 
615"), the detection sensitivities of the labeled reagents of 
the present invention (i.e., the labeled BSA-Eu^*) were 
compared with those of conventional techniques (i.e., the LKB 
system and an aromatic amine type labeled reagent). It can 
be seen from TABLE 11 that the labeled reagents of the 
present invention are several tens of times as sensitive as 
the LKB system and about 2,000 or more times as sensitive as 
the aromatic amine type labeled reagent using BCPDA as the 
fluorescent compound. 
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TABLE 11 





Detection limit of 
fluorescent compound 
(mol/L) 


LKB system 


5.0 X 10'" 


BCPDA 


1.0 X 10"" 


e 


7.5 X 10"" 


f 


3.7 X 10'" 



Synthesis of 4 . 4 ' -diacetvl-o-te rohenyl 

An example using 4,4' -diacetyl-o-terphenyl as an 
acetylated aromatic ring compound is given below. First of 
all, the method for the synthesis of 4, 4 ' -diacetyl-o- 
terphenyl is described. 

A solution of 100 mmol of o-terphenyl in 100 ml of CH^Clj 
was slowly added dropwise to a stirred solution of 210 mmol 
of AICI3 and 205 mmol of CH3COCI in 200 ml of CHjClj at O'C. 
This mixture was stirred at O'C for 30 minutes and then at 
room temperature for 24 hours. The reaction mixture was 
further ref luxed for 2 hours and poured into ice/hydrochloric 
acid (cone). After this mixture was fully stirred, CHjCl^ 
was removed by vacuum distillation. The precipitate was 
separated by filtration and washed thoroughly with water. 
The product was recrystallized from about 250 ml of 2- 
butanone, and the needle crystals so formed were separated by 
filtration and vacuum-dried. Thus, 22.1 g of the product was 
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obtained in a 70.3% yield. The results of elemental analysis 
were as follows: 

Elemental analysis: 

Calcd- {%): 84.05; H, 5.77. 
5 Found (%): C, 84.06; H, 5.87- 

It was confirmed by ^H-NMR that the product was the 
desired compound. 

Synthesis of intermediate ( 1 ' ) of fluorescent comp ound ( 1 ) 
The method for the synthesis of the following compound 



10 (j') 

0 0 




0' ) 



which is an intermediate for the preparation of fluorescent 
compound (j) represented by the following formula 



20 




25 is described below. 
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To 30 g of dry ether (Et^O) were added 3.0 g of NaOCH3, 10 
mmol of 4,4'-diace1:yl-o-terphenyl and 20 mmol of C3F^COOC2H5, 
This mixture was sealed at room temperature and stirred for 
24 hours- The dry ether was removed by distillation (or 
5 evaporation), and the resulting solid was vacuum-dried for 30 
minutes. After the product was neutralized with 100 ml of 
15% sulfuric acid, the resulting precipitate was separated by 
filtration and washed thoroughly with water. The precipitate 
was dissolved in 200 ml of ethanol by the application of 
10 heat, and the resulting solution was filtered to remove 

insoluble matter therefrom. This solution was concentrated 
under reduced pressure to about 20 ml, and slowly added 
dropwise to 200 ml of stirred petrolexim ether. After this 
mixture was fully stirred, the small amount of precipitate so 
15 formed was removed by filtration and the filtrate was 

concentrated under reduced pressure to remove all organic 
solvent therefrom- The resulting oil was vacuum-dried to 
obtain a yellow powder. This yellow powder was thoroughly 
washed with petroleum ether and then vacuum-dried for 24 
20 hours. Thus, 4.60 g of the product was obtained in a 65,0% 
yield. 

Elemental analysis: 

Calcd. (%): C, 51.00; H, 2.28. 
Found {%): C, 51.22; H, 2.61- 
25 It was confirmed by ^H-NMR that the product was the 
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desired compound. 

Preparation of fluorescent c ompound ( 1 ) 

2 mmol of p-dlketone (j') was slowly added to 3-5 ml of 
stirred chlorosulfuric acid at room temperature. After this 
mixture was stirred at room temperature for 7 hours, the 
reaction mixture was carefully and slowly added dropwise to 
150 ml of stirred water/ ice (using external cooling with 
ice/water). The resulting precipitate was quickly separated 
by centrifugation, washed with cold water (at about 5'C), an 
centrifuged twice. Using a small amount of cold water, the 
precipitate was transferred to a glass filter and freed of 
water by suction filtration. The chlorosulfonylated 
p-diketone so formed was vacuum-dried at room temperature fo 
48 hours or more. Its yields was 77%. 
Elemental analysis: 

Calcd. (%): 44.76; H, 1.88. 

Found (%): C, 44.50; H, 1.92. 
It was confirmed by ^H-NMR that the product was the 
desired compound. 

Labeling of a protein with the fluorescent compound (1) 
The labeling of bovine seriam albumin (BSA) with 

fluorescent compound ( j ) is described below . 

50 mg of BSA was dissolved in 10.00 ml of a 0.1 mol/L 

carbonate buffer solution (pH 9.3). Then, 2 ml of a DMF 

solution containing fluorescent compound ( j ) in the same 
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molar amount as the amino groups present in bovine serum 
albumin (59 -NH^ groups per molecule) was slowly added 
dropwise to the stirred BSA solution at room temperature. 
After this mixture was stirred at room temperature for an 
hour, the labeled BSA and the hydrolyzate of unreacted 
fluorescent compound were separated by gel filtration. In 
this separation step using a gel column (Sephadex G-50, 1.0 x 
29.1 cm), a 0.05 mol/L aqueous solution of ammonium hydrogen 
carbonate (pH 8.0) was used as the developing solvent. The 
flow rate was 1 ml per 90 seconds and the effluent was 
collected as 1 ml fractions. Since a satisfactory separating 
effect would not be achieved by separating 10 ml of the 
solution at a time under these coltimn conditions, 5 ml 
portions of the solution were separated. Fractions 
containing the labeled BSA were combined and dialyzed against 
water at 4°C overnight to remove inorganic salts therefrom. 
Using the solution before gel filtration, its absorbance at 
330 nm was measured. Then, the molar absorption coefficient 
at 330 nm of the fluorescent compound was calculated from the 
molar concentration of the fluorescent compound used and the 
absorbance at 330 nm. The molar absorption coefficient so 
calculated was 3.41 x 10* mol'^cm'^L, and there was no 
absorption of bovine serum albumin at 330 nm. On the 
assumption that the molar absorption coefficient does not 
change during the process of the labeling reaction, the label 
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concentration in the labeled BSA solution and the labeling 
ratio of BSA to label were calculated. The labeling ratio of 
BSA to the fluorescent compound in the labeled BSA fraction 
obtained in the above-described manner was about 35. 
5 Labeling of strentavidin and avidin with fluorescent com pound 

m 

The labeling of streptoavidin (SA) and avidin (AD) with 
the aforesaid fluorescent compound (j) is described below . 
To 1.5 mg of the aforesaid fluorescent compound (j) was 

10 added a solution of 5 mg of streptoavidin (or avidin) in 1.1 
ml of a 0.1 mol/L carbonate buffer solution (pH 9.1) and 25 

of DMF. After this mixture was stirred at room 
temperature for two hours, the insoluble matter was separated 
by centrifugation. The precipitate was washed with 2.0 ml of 

15 a 0.05 mol/L Tris-HCl buffer solution (pH 7.7) and 

centrifuged. The two supernatants were combined and dialyzed 
twice against 4 L of a solution containing 0.1 mol/L of 
NaHCOj and 0.25 g of NaNg at 4*»C (for 16 hours and for 6 
hours, respectively). The labeling ratio of protein to the 

20 fluorescent compound in the labeled protein solution obtained 
in this manner was about 10. 

Labeling of anti-mouse IaG(H+L) s heep antibody with 
fluorescent compound ( 1 ) 

2 ml of a 2 mg/ml solution of anti-mouse IgG(H+L) sheep 
25 antibody was dialyzed twice against 3 L of physiological 
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saline at 4'C for 24 hours, and adjusted to pH 9.2 with a 0.5 
mol/L NajCOj solution. Then, 2.0 mg of the aforesaid 
fluorescent compound (j) was added to the antibody solution 
and 125 pL of DMF was added thereto with stirring. After 
this mixture was stirred at room temperature for an hour, 50 
]iL more of DMF was added thereto and the resulting mixture 
was stirred again at room temperature for an hour. The 
insoluble matter was separated by centrifugation, and the 
supernatant was dialyzed twice against 4 L of a solution 
containing 0.1 M NaHC03 and 0.25 g of NaNj at 4"C for 24 
hours. The labeling ratio of protein to the fluorescent 
compound in the labeled protein solution obtained in this 
manner was about 11. 

It was confirmed by application to practical immunoassays 
that the labeled proteins obtained in the above-described 
manner retained their physiological activities. 
Method for the measurement of fluorescence int ensities and 
results 

The method for the measurement of fluorescence intensities 
was the same as described above for fluorescent compound ( b ) . 
The results are shown in TABLE 12. 
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TABLE 12 



Fluorescent compound 


X (nm) 

ex ^ ^ 




Fl uorescence 

intensity 
(10^ cm"V^) 


LKB system (conventional 
technique) 


339 


610 


12.16 


j' 


340 


610 . 


About 150 



Fluorescence characteristics of a labeled BSA solution i n the 
presence of europium(III) 
10 The fluorescence spectrum of a BSA( j )j^-Eu^* solution was as 

follows . 

In Tris-HCl: >^^,^ = 326 nm 

X » 611.6 nm (half -width, about 9 nm) 

em. max 

In carbonate buffer solution: 
15 X^ ^ = 324 nm 

X = 611.6 nm (half -width, about 9 nm) 

em.max 

In phosphate buffer solution: 
X = 324 nm 

ex. max 

X = 611.6 nm (half-width, about 9 nm) 

en. max 

20 In topo-SDS-NaHCOg* solution: 

X » 334 nm 

ex. max 

^em.max = 613.4 nm (half -Width, about 9 nm) 
(* A 1.0 X 10'^ mol/L topo-0.05% SDS-0.1 mol/L NaHCOj 
solution) 

25 The results of measurement of the influence of pH and 

buffer solutions on the fluorescence intensity of the 
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BSA(j)^-Eu^* solution and of its fluorescence lifetime are 
shown in TABLE 13. 

TABLE 13 



Buffer 
solution 


0.1 mol/L 
Trls-HCI 


0.1 mol/L 
cart)onate 


0.1 mol/L 
phosphate 


1.0 X 10** mol/L 
topo-0.05% SDS- 
0.1 mol/L NaHCOj 


PH 


7.2 


7.8 


8.5 


9.1 


9.9 


9.3 


9.0 


8.4 


Relative 

fluorescence 

intensity 


75 


B9 


97 


100 


100 


44 


16 


321 


Ruorescence 
lifetime 


261 p 


rs 










395 ps 



Measured solution: BSA(j)35-Eu , [BSA(3)35] = 1.8 x 10 
mol/L, [Eu^*] = 1.0 X 10' mol/L. 

Time-resolved fluorometrv of labeled BSA solutions 

Using a BSA(j)35 solution obtained as above, a 1.0 x 10"^ 
mol/L topo-0.05% SDS-0.1 mol/L NaHC03 solution, and a 1.0 x 
lO"'^ mol/L EUCI3 solution, a BSA( fluorescent compound )3g-Eu^* 
standard solution (2.8 x 10"" mol/L) was prepared. At the 
same time, a series of solutions were prepared by fixing the 
Eu^* concentration at 1.0 x 10'^ mol/L and varying the 
BSA( fluorescent compound) 35 concentration. The prepared 
solutions were allowed to stand at room temperature for 2 
hours and then subjected to time-resolved fluorometry. 
Measurements were made by pipetting each solution (having an 
identical concentration) into 4 wells (300 pi per well), and 
the average of the measured values was regarded as the 
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measured value (I). Similarly, the solvent was pipetted into 
4 wells and the average of the measured values was regarded 
as the background (I^). The (I-I^) values thus obtained were 
used as fluorescent counts to construct a working curve. The 
results are shown in FIG. 3. From FIG. 3, the detection 
limit of fluorescent compounds (j) was determined to be 1.3 x 
10"^^ mol/L- 

Using a time-resolved fluorophotometer ("Cyber Fluor 
615"), the detection sensitivity of the labeled reagent of 
the present invention (i-e-, the labeled BSA-Eu^*) was 
compared with those of conventional techniques (i.e., the LKB 
system and an aromatic amine type labeled reagent). It can 
be seen from TABLE 14 that the labeled reagent of the present 
invention is several tens of times as sensitive as the LKB 
system and several thousand times as sensitive as the 
aromatic amine type labeled reagent using BCPDA as the 
fluorescent compound . 



TABLE 14 





Detection limit of 




fluorescent compound 




(mol/L) 


LKB system 


5.0 X 10"*^^ 


BCPDA 


1.0 X 10"^ 


3 


1.3 X 10"" 
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Time-resolved f luoroiminunoassav of human alpha- fetoprotein 
(AFP) using polyclonal antibodies and SA-BHHCT-Eu^_! label 

5 Labeling of streptavidin with the fluorescent compound f 1 ) 
To 1.5 mg of the fluorescent compound (j) (BHHCT) was 
added a solution of 5 mg of streptavidin (SA) in 1 . 1 ml of a 
0.1 mol/L carbonate buffer (pH 9.1) and 25 pL of DMF 
solution. After this mixture was stirred at room temperature 

10 for 2 to 4 hours, the insoluble matter was separated by 

centrifugation. The precipitate was washed with 2 ml of a 
0.05 mol/L Tris-HCl buffer solution (pH 7.8) and centrifuged. 
The two supernatants were combined and dialyzed against 4 L 
of a solution containing 0.1 mol/L of NaHCOg and 0.25 g of 

15 NaNj at 4*C twice (for 16 hours and for 6 hours, 

respectively). After dialyzation, a small amount of 
insoluble matter was removed by centrifugation. 10 mg of 
bovine serum albumin (BSA) and 2 mg of NaNg were added to the 
labeled SA solution. The labeled SA solution was adjusted to 

20 about pH 6.0 to 6.5 with 0.1 mol/L of HCl. The volume of the 
obtained solution was about 4 ml- The solution was cloudy, 
but was preserved as it was. The solution was divided into 
100 pL portions and was preserved at - 20*^0. Before the 
labeled SA was used in immunoassay, its solution was diluted 

25 to one three hundredth (1/300) of the original concentration 
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with a 0.05 mol/L of Tris-HCl <pH 7-8) solu-blon which 
contains 1 % of BSA, 0.9 % of NaCl, 0.05 % of NaN^ and 
1.0x10"^ M of EUCI3, was allowed to stand overnight at 4 °C or 
heat at 50 •C for two hours and thereafter was used- Little 
5 change was observed after the diluted solution was preserved 
for two weeks at 4 •C. The labeled SA could be preserved for 
a long period of time when it was preserved at -20 °C. 
Time-resolved f luoroimmunoassav 

The fraction of anti-human AFP goat IgG was diluted 

10 with a 0.1 mol/L of carbonate buffer solution (pH 9.6) to 

decrease the concentration of the antibody to 2.5 pg/ml. The 
obtained solution was pipetted into 96 wells of a microtiter 
plate (100 pi per well) and was allowed to stand overnight at 
4 °C. The solution was removed by suction. The wells were 

15 washed with a 0.01 raol/L of phosphate buffer-0.05 % of Tween 
20 solution twice and with a 0.01 mol/L of phosphate buffer 
solution (pH 7.4) once. A 1 % of BSA-2 % of sucrose-0.05 % 
of NaN^-O.l mol/L of NaHC03 buffer solution (pH=8.3) was 
pipetted into the wells ( 100 pL per well ) , was allowed to 

20 stand at room temperature for an hour and was washed with the 
above-described phosphate buffer solution. These steps are a 
coating step and a blocking step of wells. The plate could 
be preserved for a long period of time (for example, one and 
a half months) at -20 ^'C. 

25 Human AFP standard solution was diluted with a 1 % of 
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BSA-0.05 % of NaN3-0.9 % of NaCI-0.01 mol/L of phosphate buffer (pH 7.4) 
solution to a series of solutions with concentrations ranging from 10^ ng/ml to 
10~^ ng/ml. The diluted solutions were pipetted into the wells (50 \i\ per well) 
and were incubated for an hour at 37''C. The solutions were removed by 
5 section, and the wells were washed with phosphate buffer. Rabbit anti-human 
AFP 1gG solution, which had been diluted to one five hundredth (1/500) of the 
original concentration with a 1 % of BSA-0.05 % of Nan3-0.9 % NaCI-0.01 
mol/L of phosphate buffer solution, was pipetted into the wells (50 pi per well) 
and was allowed to stand for an hour at 37°C. After the solution was removed 

10 by section and the wells washed, a biotinylated goat anti-rabbit IgG (H+L) 
solution which had been diluted to one hundredth (1/100) of the original 
concentration was pipetted into wells (50 pi per well) and was allowed to stand 
for an hour at 37''C. After the solution was removed and the wells were 
washed with a physiological saline (NaCI)-0.05 % of Tween™ 20 solution 

15 twice and with a physiological saline solution once, the SA-BHHCT-Eu^* 

solution was pipetted into the wells (50 pi per well) and was allowed to stand 
for an hour at 37°C. After the solution was removed and the wells were 
washed with a physiological saline-0.05 % of Tween 20 solution three times 
and with a 0.1 mol/L of Tris-HCI-0.05 % of Tween 20 solution (pH-8.5) five 

20 times, the solid-phase measurements of 
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the fluorescence were made. A 1.0x10"^ mol/L of topo-0.05 % 
of SDS-l-OxlO"^ mol/L of EuClj-O.I mol/L of NaHCOg solution 
was pipetted into the wells (50 ]il per well) and was allowed 
to stand for an hour at 50**C. When the temperature of the 
solution reached to room temperature, the fluorescence of the 
solution was measured. The results of the solid-phase 
measurements are shown in Fig. 4. The results of the 
measurements after dissolution are shown in Fig. 5. 
Sensitivity of AFP immunoassay using SA-BHHCT-Eu^ * 

The detection limit in solid-phase measurements was 10" 
^ ng/ml. It corresponds to 1.4x10"^^ mol/L or 7.1x10"^^ 
mol/assay (50 pi)- The detection limit after dissolution was 
10'* ng/ml. It corresponds to 1.4x10'^^ mol/L or 7.1x10'" 
mol/assay (50 |il). The coefficient of variation in 
measurements was less than 10 %. The detection limit of AFP 
immunoassay using conventional horse radish peroxidase (HRP)- 
avidin was 1 ng/ml. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A fluorescent compound of the general formula 

C-CHi-C-CnFaii»t 
II II 

o o 

C-GHi-C-CnF,n»i 

o o 

where R is an analyte recognition molecule, and n = 1 - 6. 

2. A complex composed of a fluorescent compound as claimed in claim 
1 and a lanthanold metal ion. 

3. A labeling reagent for use in immunoassays which contains a 
fluorescent compound as claimed in claim 1 . 

4. A labeling reagent for use in immunoassays which has a complex 
moiety as claimed in claim 2. 

5. A fluorescent compound of the general formula 

C-CH«-C-CnF«n4i 

B II 
O 0 

C-CH«-C-CnF«ii»i 

II II 

o o 

where n = 1-6. 

6. A complex composed of a fluorescent compound as claimed in daim 
5 and a lanthanold metal ion. 
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FIG. 5 




